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normal ranges. This deliberate transport includes transport of potentially invasive species [10, 11] 41 and assisted migration of species at risk [12] [13] [14] . 42 In discussions of species responses to environmental change, particularly climate change, 43 considerably less attention has been paid to the inverse situation, namely species populations that 44 persist in situ in the face of environmental change. In the same way that some species move on their 45 own and some are moved by humans, the stayers include species that persist on their own and 46 others that stay owing to human actions or interventions. Some stayers may, in the absence of 47 intervention, ultimately undergo extinction [15] . 48 Species assemblages under environmental change thus comprise mixes of stayers (some of 49 which are doomed to eventual extinction and some which will persist), and movers, which invade 50 and expand at different rates. The transient dynamics of current-day ecosystems and assemblages 51 that result from these species mixes have received relatively little attention [7] . Species distribution 52 modelling has focused almost exclusively on single species, and inclusion of mechanistic 53 consideration of how species interactions will affect outcomes remains challenging [16] [17] [18] . Where 54 species assemblages are considered, indications are that individualistic species responses to climate 55 and other changes will result in assemblages of varying degrees of novelty, ranging from not novel 56 (e.g., similar communities already occur elsewhere) to completely novel species combinations (e.g. 57 [19] ). 58 In this paper we provide an overview of the various categories of species from the 59 perspective of whether they are movers or stayers in a changing world, and we consider what this 60 means for management and conservation. Although species and community dynamism are implicit 61 in many aspects of ecology, including metapopulation biology, island biogeography and the like, Moving and staying: responses to environmental change 69 Species ranges can stay the same, expand or contract over time (Figure 1a ). Range 70 contractions result from loss of local populations and may foreshadow species extinction [20] . 71 Geographic extent of ranges may also stay the same overall while infilling or fragmenting within 72 the broader boundary. In directional change, the range contracts at one end and expands elsewhere 73 [21] . Range contraction may leave relict populations in persistent or transient refugia, [22] [23] [24] , and 74 fragmentation can reduce distributions to scattered, isolated patches. Range retreat may arise simply 75 by the death of individuals in situ, or through emigration, whereas range advance generally 76 necessitates immigration and colonisation, as well as subsequent population growth and infilling. 77 Particular species may contract and expand simultaneously in different regions. Every 78 emigrant becomes an immigrant if it makes it somewhere else. Similarly, in any particular place, 79 there may be a variety of dynamics occurring at any given time, with some species coming in on 80 their own or by human translocation, some species remaining, and some species disappearing or 81 moving elsewhere. Here, we examine the range of situations in which species can be either movers 82 or stayers, recognising that these categories are not necessarily mutually exclusive. in a number of different ways using an array of pathways and at a range of spatial scales, from local 92 to global, and temporal scales, from days to multiple millennia [25] . Here we mainly consider the 93 directional movement of species in response to environmental changes. The most common 94 manifestation of such movement is that of range shifts (Figure 1) and how "native" and "non-native" species should be defined in an era where species are moving by 118 themselves and are also being moved by humans [42, 43] . 119 The majority of current human interventions in ecosystems aim to maintain or modify the 120 abundances of speciesmaintaining or increasing those that are valued and decreasing or removing 121 those that are viewed as having disbenefits. As part of this aim, human migration and trade have 122 resulted in the transport of a wide array of species considered beneficial for humans ( Species may also be translocated to new areas as ecological surrogates for extinct species, 143 with the aim of restoring particular functions or processes. For example, giant tortoises have been 144 introduced to islands in the Mascarene and Galapagos Archipelagos, where endemic tortoises have 145 gone extinct to reinstate missing ecological processes [51, 52] . A broader application, "rewilding" 146 [53], has been the topic of considerable debate, particularly in relation to proposals to reinstate 147 historic animal assemblages using fauna from other continents [54] [55] [56] . 148 As an alternative to active translocation, many conservation plans include actions aimed at 149 increasing landscape connectivity and hence increasing the opportunity for species to move by Although recent attention has centered on movement in response to climate change, much 170 conservation activity focuses on maintaining species where they are now. Species may persist in a 171 given place for a variety of reasons, and many management strategies focus on facilitating 172 persistence of desirable species. In some cases, the identity and value of specific places centers on 173 a single iconic species (e.g., Organ Pipe Cactus and Saguaro National Parks). requirements that restrict their movement. Populations of stayers may be subject to eventual 195 extinction, owing to regeneration failure, adult-mortality events (e.g., severe disturbance), or 196 continued environmental change that exceeds their capacity to adapt phenotypically (or 197 evolutionarilysee below). 198 On the other hand, species that remain in place may benefit from the new circumstances. 199 Extinction or departure of enemies or competitors may provide ecological release, and immigration 200 of new species may offer new opportunities in the form of resources or habitats. Some species take 201 advantage of or become dependent on these new resources, maintaining or increasing their 202 populations by utilizing them (e.g. [73] ). An important question is whether it is possible to predict 203 how persisters might interact with new arrivals, a question that research from invasion biology may 204 assist with answering. 205 Evidence is accumulating that many species populations have capacity to adjust to 206 environmental change in situ via rapid evolution or phenotypic change [74] [75] [76] . Hybridization is a 207 further response that may result in hybrid species that are better able to persist in changed 208 conditionsfor instance there is evidence for past and current hybridization between polar and 209 brown bears as habitat distributions change [77, 78] . However, evolutionary capacity and rates are 210 limited by genetic diversity, gene flow, effective population size, generation time, and selection 211 pressure. Ultimately, the rate of local and regional climatic change may ultimately outstrip 212 evolutionary adaptive capacity of populations, leading to their local extinction. 213 2. Species that stay with direct human assistance. 214 Human intervention to maintain plant and animal populations in place dates to the antiquity 215 of plant cultivation and animal domestication, and has been part of conservation since its origins in 216 timber management and game preservation. As societal values have evolved, conservation activities 217 have expanded to include habitat manipulations and interventions aimed at maintaining populations 218 of locally or universally threatened and endangered species, and of species of special concern. The 219 latter group is diverse, including species that have particular values (e.g., iconic species that impart As with the movers, many species populations are able to persist because they can benefit 247 from unintentional or diffuse human activitiesactivities that are not aimed specifically at 248 management or conservation. A species may persist in a region by exploiting crops tended by 249 humans, resources or functions provided by non-native species (shelter, food, pollination), or novel 250 resources (artificial water sources, artificial reefs). In addition, direct human assistance can benefit 251 particular species. Garden bird feeders, nesting boxes or backyard habitats are common in some 252 countries [84], and these maintain or increase fauna populations, especially in cities, and can also 253 affect associated insect prey [85] .
255
Moved to action or moved to tears? 256 Some broad themes emerge from the discussion above. Firstly, some species will move in response 257 to environmental change, and some will move faster than others. Some species that need to move 258 cannot. Secondly, some species will stay. Some species will stay longer than others. New species 259 mixtures will continually emerge (Boxes 1 and 2). Indeed evidence is emerging that endemic species with narrow ranges that are unable to adapt or do 262 not receive adequate interventive assistance may go extinct. For instance, the Bramble Cay 263 melomys (Melomys rubicola), an Australian rodent, is thought to be the first species whose 264 extinction can be related directly to current climate change as the primary agent [86, 87] . In the 265 case of this and other recently extinct species, it is often hard to identify the causal factors 266 involved, although it is clear that policy and management shortcomings play a part [88] . These are 267 species that have not been helped to either stay put or to move. This situation can either move 268 people to despair or spur them to take more effective actions. Human responses to changing biotas Human perceptions of nature vary greatly depending on geographic, socio-economic, religious, and 584 many other influences. Concomitantly, human perceptions of changes in nature are also likely to be 585 highly variable. It is likely that many people will neither notice nor care about the species and 586 community dynamics described in this paper. Widespread apathy and a lack of awareness are major 587 obstacles to the achievement of conservation goals and may result in many more unplanned and 588 unexpected biotic changes than would be the case if there was widespread public interest in, and 589 commitment to, conservation and restoration. Most attention is given to how species move or are moved, but many species stay.
Understanding the dynamics of new species combinations is essential for successful conservation in a changing climate. 
Outstanding questions
How will combinations of mover and stayer species interact, and how will this affect ecosystem functioning and conservation outcomes?
How can place-and species-based conservation strategies be modified to improve conservation outcomes in a rapidly changing world?
Can the ability of species to move and/or persist be adequately assessed to allow the development of effective interventions? 
